In February 2013, 26 experts from 12 countries met at the International Agency for Research on Cancer (IARC), Lyon, France, to reassess the carcinogenicity of polychlorinated biphenyls (PCBs) and polybrominated biphenyls (PBBs). These assessments will be published as volume 107 of the IARC Monographs. 1 PCBs are a class of aromatic compounds comprising 209 congeners, each containing one to ten chlorine atoms attached to a biphenyl nucleus. Technical PCB products, which were manufactured to obtain a specifi c level of chlorination, are mixtures of many PCB congeners. These products were widely used as dielectric fl uid in capacitors and transformers, and to a lesser extent in building materials (eg, caulking, paints, and lighting ballasts). PCB production and new use were banned in most countries by the 1980s, but production has been reported recently in North Korea.
Earlier, occupational exposure was highest during manufacture of PCBs, transformers, and capacitors; today, exposure can come from demolition, dysfunction, or un controlled recycling of PCB-contaminated structures and equip ment. PCBs are persistent and bioaccumulate; they have become ubiquitous environmental pollutants, including in polar regions and the deep ocean. Because of weathering and biotransformation, the PCB profi les noted in the environment or during biomonitoring diff er from those of the commercial products. The general population is exposed mainly via food, mostly from contaminated animal fats; two major episodes of food poisoning took place in Japan and Taiwan, China, where cooking oil was accidentally contaminated with PCBs. Indoor air can also contribute to human exposure. Worldwide monitoring programmes have shown that PCBs are present in most samples of human milk. PCB congeners can be categorised by their degree of chlorination, substitution pattern, and binding affi nity to receptors. 12 congeners with a strong affi nity for the aryl hydrocarbon receptor (AhR) are referred to as dioxinlike PCBs. PCBs are readily absorbed and distributed in the body, and accumulate in adipose tissue. Biotransformation of all PCB congeners starts with cytochrome P450-dependent monooxygenation. Low-chlorinated PCBs are readily metabolised into highly reactive electrophilic species (ie, arene oxides, quinones) which, in addition to producing DNA adducts and reactive oxygen species, are directly genotoxic and mutagenic. 2 By contrast, highly chlorinated PCBs are poorly metabolised but, through induction of xenobiotic-metabolising enzymes, can also generate reactive oxygen species, lipid peroxidation, oxidative and alkylating DNA adducts, and can eventually cause genotoxic eff ects.
Individual PCBs activate numerous receptors, including AhR and the constitutive androstane and pregnane xeno biotic receptors (CAR/PXR). AhR activation is one of the key events linked to carcinogenesis mediated by dioxin-like PCBs. Sustained activation leads to deregulation of cell-cycle control and cell proliferation, inhibition of apoptosis, suppression of cell-to-cell communication and adhesion, and increased cell plasticity and invasiveness. Non-dioxin-like PCBs induce many of these eff ects via several AhR-independent mechanisms, including activation of the constitutive androstane and pregnane xenobiotic receptors, and perturbations in cell-tocell communication and cell adhesion.
PCBs can compromise the immune surveillance mechanism. Highly chlorinated PCBs with a strong affi nity for the AhR are potent immunotoxicants;
less-chlorinated PCBs, which are less immunotoxic, act via AhR-independent mechanisms, including metabolic activation. Both low-chlorinated and high-chlorinated PCBs are associated with chronic infl ammatory responses. Non-dioxinlike PCBs can stimulate the production of infl ammatory mediators, whereas dioxin-like PCBs can inhibit such reaction. By contrast, some dioxin-like PCBs, but not non-dioxin-like PCBs, can compromise the normal function of the vascular endothelium.
PCBs target the endocrine system. Several models have shown direct modulation of nuclear steroid hormone-dependent gene expression by PCBs. Furthermore, depending on their structure, monohydroxylated PCB metabolites can act as oestrogen agonists or antagonists. These disruptions might have reproductive, toxic, and carcinogenic consequences.
The Working Group considered more than 70 independent epidemiological studies with informative data for carcinogenicity of PCBs in human beings. Excess risks for melanoma were reported in several studies, mainly cohort studies of workers in the manufacture of capacitors and transformers, and in electric power and equipment maintenance. A signifi cant linear exposure-response trend was noted in the largest study. 3 In a populationbased case-control study that assessed exposure with PCB serum levels, the association persisted after control for sun sensitivity and exposure. 4 The association of melanoma and PCBs was noted consistently in occupational studies in diff erent industries in North America and Europe, in studies of the general population, and with cohort and case-control designs. Thus, the Working Group concluded that there is suffi cient evidence in humans for the carcinogenicity of PCBs. Notably, AhR can modulate melanogenesis, 5 which lends mechanistic plausibility to this association. Increased risks for non-Hodgkin lymphoma and breast cancer were also reported, both of which are biologically plausible. However, the associations were not consistent and were considered as providing limited evidence. Data for cancers at other sites were too sparse to draw any conclusions.
The carcinogenicity of PCBs in animals has been assessed for individual congeners; binary mixtures of congeners; technical mixtures con taining various congeners; and simulated environmental mixtures, with 2 year bioassays; studies with perinatal and postnatal exposure; and studies that examined the initiating and promoting activities of PCBs. Individual congeners (PCB118, PCB126) and several commercial products with a high chlorine content induced benign and malignant tumours of the liver, lung, and oral mucosa in rats; these studies provided suffi cient evidence of carcinogenicity in experimental animals. 6, 7 These congeners and mixtures include AhR agonists that exhibit dioxin-like activities, and CAR agonists. 8 Other PCB congeners (PCB153) and lowchlorinated commercial products, which were less well studied than highly chlorinated products, showed limited evidence of carcinogenicity in experimental animals. 9 The relative contributions of diff erent PCB congeners to the carcinogenicity of the commercial mixtures are not known.
Overall, all PCBs can induce formation of reactive oxygen species, genotoxic eff ects, immune suppression, an infl ammatory response, and endocrine eff ects to various extents and through diff erent pathways. The dioxin-like PCBs exert their eff ects mainly through AhR activation and the downstream cascade of related events; less-chlorinated PCBs act more readily through metabolic activation and the downstream eff ects of these metabolites. Thus, mixtures might have more than additive eff ects.
On the basis of suffi cient evidence of carcinogenicity in humans and experimental animals, the Working Group classifi ed PCBs as carcinogenic to humans (Group 1). Additionally, dioxinlike PCBs were also classifi ed in Group 1 on the basis of extensive evidence of an AhR-mediated mechanism of carcinogenesis that is identical to that of 2,3,7,8-tetrachlorodibenzopara-dioxin, and suffi cient evidence of carcinogenicity in experimental animals. However, the carcinogenicity of PCBs cannot be solely attributed to the carcinogenicity of the dioxin-like PCBs.
PBBs resemble PCBs, with bromine rather than chlorine atoms. PBBs were used mainly as fl ame retardants in the 1970s, but production has been discontinued in most countries for many years. One release of PBBs took place in Michigan, USA, where they were inadvertently distributed as cattle-feed supplement, contaminating many agricultural products. Similar to PCBs, PBBs are highly lipophilic, bioconcentrate and bioaccumulate, and are environmental contaminants worldwide. FireMaster FF-1, the most widely used commercial PBB product, consistently induced benign and malignant hepatocellular tumours in rats and mice, a nd cholangiocarcinomas in rats. 10 PBBs, like their chlorinated analogues, are ligands to several cellular and nuclear receptors, including AhR. They are effi cacious inducers of hepatic drug metabolism, accelerating the biotransformation of both endogenous and exogenous compounds. PBBs have various adverse eff ects including suppression of the immune system and disruption of normal hormone function. They are effi cient promoters in twostage rodent hepatocarcinogenesis bioassays. Although PBBs have received less attention and study, the available data indicate that PBB congeners exhibit their toxic eff ects and carcinogenic potential via many of the same pathways as their chlorinated counterparts. On the basis of these similarities with PCBs, and together with inadequate evidence for carcinogenicity in humans and suffi cient evidence in experimental animals, PBBs were upgraded to Group 2A, probably carcinogenic to humans.
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